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Abstract 
The paper present study on the air gasification process of dried sewage sludge. Parameters such as air 
ratio λ=0.12÷0.27, air temperature t=50oC÷250oC and molar fraction of O2 in gasification agent zO2=0.21 
and zO2>0.2) were found to influence on the syngas parameters: Lower Heating Value (LHV) and 
composition. The results indicate that the syngas LHV was found to decrease with increase air ratio for all 
analyzed cases. Increasing O2 concentration in gasification agent increased the temperature, which tended 
to favour the formation of smaller molecular components in the gas mixture. Thus, the enriched air 
medium produced a gas with a higher LHV. In contrast to conventional gasification, a process with a 
preheated gasification agent causes that the flux of heat necessary to support endothermic gasification 
reactions is producing more effective. As a result, H2 and CO production is promoted. 
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1. Introduction 
The quantity of sludge production in Europe [1] varies widely over different countries (16-94 
g/(person·day)). The most popular way of final sewage sludge management is storage. Nevertheless, in 
countries where policy makers practically forbade such solutions (e.g., the European Union), only thermal 
disposal methods are available [2]. One of the promising thermo-chemical conversion technologies that 
can be used to convert sewage sludge to useful energy forms suited for small to medium size throughput 
is gasification. This process has several advantages over a traditional combustion process [3]. First of all, 
as a consequence of the reducing atmosphere in the gasifier most of sulphur, nitrogen, chloride and 
fluoride in sewage sludge may be released as H2S, NH3, HCl and HF. Secondly, a less volume of gas is 
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produced compared to the volume of flue gas from combustion [4]. This article reports on experimental 
investigations of fixed-bed gasification of sewage sludge. 
2. Experimental 
Apparatus 
The current study was conducted using a fixed bed gasification facility. It was described earlier [5].  
A scheme of the facility is shown in Figure 1.  
 
Figure 1. Scheme of the experimental system 
Fuel properties 
Two types of sewage sludge feedstock were analyzed (Table 1). The moisture content of the sewage 
sludge was obtained following standard PN-EN 14774-3:2010 [6]. The sludge volatile content was 
determined according to standard PN-EN 15402:2011 [7]. The sludge ash content was obtained using PN-
EN 15403:2011 [8]. The sludge calorific content was determined in accordance with standards 
CEN/TS15400:2006 [9].  
 
Table 1. Properties of the fuel tested. 
Parameters SS1 SS2 
Moisture, % (as received) 
Volatile matter, % (as received) 
Ash, % (as received) 
C, % (dry basis) 
H, % (dry basis) 
O, % (dry basis) 
N, % (dry basis) 
S, % (dry basis) 
F, % (dry basis) 
Cl, % (dry basis) 
LHV, MJ/kg (dry basis) 
5.30 
44.20 
49.00 
27.72 
3.81 
3.59 
13.53 
1.81 
0.003 
0.033 
10.75 
5.30 
36.50 
51.50 
31.79 
4.36 
4.88 
15.27 
1.67 
0.013 
0.022 
12.96 
3. Result and discussion 
Influence of the air ratio on the composition  and LHVof syngas  
Figure 2 shows the evolution of the CH4 (a), H2 (b), CO (c) concentrations in gasification gas and LHV 
(d) of the gas with varying air ratio for both analyzed sludge. Analyzing this Figure it can be confirmed 
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that throughout the range of analyzed air ratio volumetric fraction of main combustible components of 
gasification gas is higher in the case of the sewage sludge 1 (positive aspect) in comparison to SS2. At 
lower values of air ratio CO composition was found to be low and it starts to rise until the optimum air 
ratio of 0.18 and later drops for higher equivalence ratio. The maximum CO average composition values 
of 31.3% for SS1 (and 26.9% for SS2) were obtained for gasification at λ=0.18.  
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Figure 2. Evolution of the main components in sewage sludge gasification gas and LHV of the gas as a function of 
the air ratio 
 
Rapid growth of CO observed in the value of the air excess ratio equal to 0.18 is caused by the dominant 
role of the primary water gas reaction. The reactions that can occur in the gasifier as a result of the 
gasification agent flow can be categorized as a the reaction of gasification agent and carbon in the fuel 
and the reaction of gasification agent and CO in the gas. When gasification air is fed with the fuel into the 
reactor, the endothermic reaction of air and carbon occurs first, and the CO in a gaseous state produced 
from the fuel reacts with the residuals causing next reactions. Thus, the amount of H2 and CO in the 
gasification gas changes according to the amount of the air supplied to the reactor. There is the optimum 
value of the air ratio equal to 0.18 in which the LHV takes its maximum value. Above that optimal value, 
the thermo-chemical process could be shifted from gasification to combustion. 
 
Influence of the composition and temperature of the gasification agent on the LHV of syngas  
Figure 3 a) demonstrates that the use of hot air for sewage sludge gasification was able to produce 
gasification gas with a superior heating value compared to low temperature gasifiers, which produce 
producer gas with LHVs ranging up 5.12 MJ/m3n. This is mainly due to the involved endothermic 
reactions in the gasification process which become more dominant at higher temperatures. Similar 
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behaviour is also found during catalytic gasification. The high temperature of gasification agent was 
sufficient to allow for secondary thermocracking reactions that increased the producer gas yield. A similar 
tendency is observed when the oxygen concentration in gasification agent will be increased (Fig. 3 b)). 
This is mainly caused by the lower dilution by the nitrogen.  
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Figure 3. Influence of the gasification agent temperature and composition on the LHV of the syngas 
4. Conclusion 
The operating conditions of the sewage sludge gasification process greatly influence the syngas 
composition distribution. Higher values of the C and H in the sewage sludge plant affect on the increase 
of the LHV of gasification gas. Throughout the range of analysed air ratio (λ=0.12-0.27) volumetric 
fraction of main combustible components of gasification gas are higher in the case of the SS1 in 
comparison to SS2. Taking into consideration the LHV of the gasification gas there is the optimum value 
of the air ratio equal to 0.18 in which the LHV takes its maximum value. The yield of the main producer 
gas components was enhanced by increasing the gasification agent temperature and increasing of the 
oxygen concentration in the gasification agent   
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